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A MEMORY DEVICE OPERABLE WITH A PLURALITY OF PROTOCOLS WITH 
CONFIGURATION DATA STORED IN NON-VOLATILE STORAGE ELEMENTS 

TECHNICAL FIELD 

[0001] The present invention relates to a memory device which can interface and operate 
with a plurality of protocols and in particular to a non- volatile memory device which can be used 
with a plurality of different protocols such as LPC and FWH protocols, based upon 
configurations stored in non-volatile fuses, 

BACKGROUND OF THE INVENTION 

[0002] Computer systems are well known in the art. In particular, a computer system 
adhering to the "IBM PC" standard is well known in the art. Referring to Figure 1, there is 
shown a computer system 10 of the prior art. The computer system 10 conforms to the "IBM 
PC" architecture. The system 10 comprises typically a motherboard 12 on which are mounted a 
variety of components such as a processor 14, such as a Pentium microprocessor made by Intel 
Corporation, a memory controller hub (MCH) chip 16, and a IO controller hub (ICH) chip 18. 
The MCH 16 and the ICH 18 are known as chipsets and can be obtained from Intel Corporation. 
Finally, the motherboard 12 comprises a BIOS 20 which is typically a non- volatile memory 
device. The foregoing system is described and is disclosed in U.S. Patent No. 6,421,765. See 
also U.S. Patent No. 6,330,635. 

[0003] Intel Corporation, a developer of the MCH chip 16, also developed the ICH chip 18 
which has a particular feature known as a low pin count (LPC) bus. See, for example, U.S. 
Patent No. 5,991,841. The LPC bus communicates between the ICH chip 18 and the BIOS 20. 
At the time that Intel Corporation introduced the LPC bus 30, it disclosed that the LPC bus 30 is 
operable in accordance with the standard as disclosed in Figure 2. This is also disclosed in U.S. 
Patent No. 5,91 1,841. The LPC bus 30 comprises four signal lines between the ICH chip 18 and 
the peripheral devices such as the BIOS memory device 20. Along the four signal lines, 
designated as LAD [3:0], are supplied command, data and address signals. As shown in 
Figure 2, the initial field for the LAD bus is a start field. This is then followed by the address 
and the data signals. 
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[0004] Initially, when Intel Corporation opened or disclosed the format of the LPC bus 30, it 
disclosed to the public that the ICH chip 18 is operable with a memory device 20 only in 
accordance with the FWH protocol. Thus, Intel disclosed that when the LAD [3:0] signals had 
the bit pattern of "1 101" or "11 10" in the start field, then that represents communication with a 
BIOS memory device 20. 

[0005] At the time that Intel announced the FWH protocol for the ICH chip 18, other 
semiconductor chip makers also made and sold chipsets, such as the combination of MCH chip 
16 and ICH chip 18 that communicate in the LPC protocol. However, these chipset makers 
established a protocol in which the start field having the bit pattern of "0000" would mean the 
start of a cycle for the BIOS memory device 20. Thus, to a manufacturer and supplier of a BIOS 
memory device 20, the manufacturer must maintain two sets of inventory: one set of memory 
device 20 that is operable under the FWH protocol for Intel and another set of memory devices 
20 that are operable with the LPC protocol from other chipset makers. It should be noted that the 
difference in operation between the LPC protocol and the FWH protocol is well known in the art. 
For example, the address field and select field are handled slightly differently in the LPC and 
FWH as well as the decoding of these. In the FWH protocol, there are four (4) bits of the EDSEL 
field and 28 bit address field. In the LPC protocol there are 32 bit address field with IDSEL 
included. 

[0006] On August 20, 2002, Intel announced that its ICH chip 18 would be able to operate 
with a BIOS memory device 20 with either the FWH protocol or the LPC protocol. For the 
manufacturer of the BIOS memory device 20, having a memory device which is operable in two 
protocols would eliminate the inventory problem. 

[0007] Hence, this is one of the objectives of the present invention. 

SUMMARY OF THE INVENTION 
[0008] In the present invention, a memory device communicates with an integrated circuit 
via a communication bus. The memory device comprises an interface circuit which receives the 
communication signals from the communication bus, and decodes the communication signals, 
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and generates a plurality of protocol signals, and outputs one of the plurality of protocol signals 
in response to a select signal. The memory device also comprises a user selectable non-volatile 
memory for storing user selected protocol and generates the select signal, corresponding to the 
user selected protocol. The memory device further comprises a non-volatile memory, and a 
controller for controlling the non-volatile memory. The controller is responsive to the one 
protocol signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] FIG. 1 is is a block diagram view of a computer system in accordance with the "IBM 
PC" architecture of the prior art. 

[0010] Figure 2 is a timing diagram showing the protocol of communication between the 
ICH chip 18 and the BIOS memory device 20 in accordance with the computer system shown in 
Figure L 

[0011] Figure 3 is a block diagram of the configurable protocol memory device of the 
present invention, which can be operated with the ICH chip 18 over an LPC bus 30. 

[0012] Figure 4 is a block level diagram of one embodiment of the configurable bus 
interfacing logic circuit portion and the non- volatile memory used to configure the bus interface 
logic circuit of the protocol memory device of the present invention. 

[0013] Figure 5 is a detailed schematic diagram of the fuse logic circuit portion shown in 
Figure 4. 

[0014] Figure 6 is a block level diagram of another embodiment of the configurable bus 
interfacing logic circuit portion and the non- volatile memory used to configure the bus interface 
logic circuit of the protocol memory device of the present invention. 
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[0015] Fig. 7 is a detailed circuit diagram of yet another embodiment of the configurable bus 
interfacing logic circuit portion and the non- volatile memory used to configure the bus interface 
logic circuit of the protocol memory device of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0016] Referring to Figure 3, there is shown an improved memory device 120 of the present 
invention. The improved memory device 120 is capable of operating via an LPC bus 30 with 
either a chipset 18 that is communicating in the LPC protocol or the FWH protocol Further, 
with the present invention, the memory device 120 is operable with a plurality of different 
protocols. The improved memory device 120 in the first embodiment is similar to the BIOS 
memory device 20 of the prior art and has a main memory array and other device functions 50 
which typically consists of an array of nonvolatile memory cells. The improvement of the 
memory device 120 of the present invention is in the interfacing logic circuit 60 which interfaces 
with the LPC bus 30 and in particular the LAD [3:0] signals of the LAD bus or the 
communication bus 30. In addition, the memory device 120 has a nonvolatile memory 70, such 
as a nonvolatile memory fuse. The fuse 70 once programmed is used to control the configurable 
interface logic circuit 60. The improved memory device 120 also comprises a programmer 
external host circuit 64 which interfaces with the nonvolatile memory fuse 70. In addition, the 
programmer external host circuit 64 can be used to program the main memory array and other 
device function circuit 50. Finally, external to the improved memory device 120 is a 
programmer equipment 52, which is used to program the programmer external host 64. 

[0017] Referring to Figure 4, there is shown a detailed block level diagram of the 
configurable host bus interface logic circuit 60. In the first embodiment of the present invention, 
the interface logic circuit 60 comprises a multiplexer 64 which receives communication in a 
plurality of different protocols such as SPI, SD, FWH or LPC communication bus 30. Each of 
the protocols: SPI, SD, FWH or LPC is a protocol different from one another. From the 
multiplexer 64, one protocol is selected and is outputted from the multiplexer 64 and is applied 
to a finite state machine 62. The finite state machine 62 is a well known controller for 
controlling, for example, the operation of the nonvolatile memory cells of the main memory 
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array 50. The nonvolatile memory fuse 70 is a fuse logic circuit 70 which has an output which 
controls the multiplexer circuit 64 and the finites state machine 62. 

[0018] In the operation of the embodiment shown in Figures 3 and 4, a user programs the 
memory device 120 through the programmer equipment 52 to set the fuses in the fuse logic 
circuit 70 such that the improved memory device 120 is operable with one of the plurality of 
protocols supplied thereto. The fuse logic circuit 70 once programmed will control the 
multiplexer 64 and the finite state machine 62. 

[0019] Referring to Figure 5, there is shown a detailed circuit diagram of the fuse logic 
circuit 70. The fuse logic circuit 70 comprises a plurality of nonvolatile fuses 74 which are 
programmed by the programming logic circuit 64. The fuses 74 are supplied to a fuse sense 
amplifier 76 which detects the states of the fuses in the plurality of nonvolatile memory fuses 74. 
The output of the fuse sense amplifier 76 is applied to one or more latches 78. A reset + POR 
(reset or Power-On-Reset) circuit 80 supplies a signal to the input of the latch 78 and resets the 
latch 78 during a power-on cycle or an asserted reset cycle. The Q and Q bar outputs of the latch 
78 are supplied to a second multiplexer 82 whose output is the select signal which is supplied to 
the multiplexer 64 and the finite state machine 62. The fuse logic circuit 70 also comprises a test 
select logic circuit 84. 

[0020] In the operation of the fuse logic circuit 70, the user, through the programmer 
equipment 52, and through the programmer external host circuit 64, programs the nonvolatile 
fuses 74. This can be done at any time prior to the memory device 120 is "installed", e.g., 
mounted on a printed circuit board, or it can be done after the memory device 120 has been 
installed on a printed circuit board and is programmed "in-situ". Thereafter, and in the operation 
of the memory device 120, as the memory device 120 receives signals from the communication 
bus 30, the state of the nonvolatile fuses 74 is sensed by a sense amplifier 76. The state of the 
nonvolatile fuses 74 is then used to set or reset one or more of the latches 78. If the device 120 is 
not in a test mode, then the multiplexer 82 would receive the Q output of the latch 78 and output 
that as the select signal supplied to the multiplexer 64 and the finite state machine 62. If the 
memory device 120 were in a test mode, then the test mode signal would be supplied to the test 
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select logic circuit 84 which would set the first multiplexer 82, which would take the Q bar 
output of the latches 78 and supply that as a select signal to the multiplexer 64 and the finite state 
machine 62. The reset + POR circuit 80 gates the value stored in the NV fuse during a power-on 
cycle or an asserted reset cycle. 

[0021] Referring to Figure 6 3 there is shown another embodiment of the improved memory 
device 120 of the present invention. In this embodiment, the configurable host bus interface 
logic circuit 60 receives a plurality of protocol signals from various buses such as the SPI, SD, 
FWH or LPC. These signals are all supplied to a multiplexer 64. Similar to the embodiment 
shown in Figure 4, the multiplexer 64 is switched by the select signal supplied from the fuse 
logic circuit 70. The output of the multiplexer 64 is supplied to a FIFO memory 63 which acts as 
a delay. From the FIFO memory 63, the selected protocol signals are supplied to a finite state 
machine 62, which also receives the select signal from the fuse logic circuit 70. The FIFO 
memory 63 serves to delay the protocol signals so that the fuses 74 can be programmed before 
the signals are supplied to the controller 62. The difference between the embodiment shown in 
Figure 6 and the embodiment shown in Figure 4 is the manner in which the nonvolatile fuses 74 
are set or programmed. In the embodiment shown in Figure 6, the signals from the buses SPI, 
FWH, LPC, and the SD buses are all supplied to a decoder 86. The decoder 86 senses "on the 
fly" the signals that are received on the various buses and selects or programs the nonvolatile 
fuses 74 within the fuse logic 70 as the protocol signals are received. Thus, in the embodiment 
shown in Figure 6, the fuses 74 are programmed "on the fly" and in situ. Once programmed, the 
fuse logic circuit 70 then operates the multiplexer 64 in the same manner as that shown as 
described in the embodiment shown in Figure 5. 

[0022] In the operation of the fuse logic circuit 70, the user may be able to program the non- 
volatile fuses 74 utilizing a "Test Mode" sequence similar to that described for the "on the fly" 
configuration but manually administered with other than using programming equipment as 
previously described. In this way, configuration may occur when the device is installed in the 
system or on the system board by utilizing a Test mode to select the protocol configuration 
desired. .. 
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[0023] Referring to Figure 7, there is shown yet another embodiment of the improved 
memory device 60 of the present invention. In this embodiment, shown in Figure 7, the 
improved memory device 120 is specifically designed for use with the LPC bus 30 and its 
attending protocols of LPC and FWH. Thus, the LAD [3:0] bus 30 comprises four signal lines 
which are supplied to a first logic circuit 90, a second logic circuit 92, and a third logic circuit 
94. The difference between the first, second, and third logic circuits 90, 92 and 94, respectively, 
is the manner in which the logic circuit decodes the signals from the LAD communication bus. 
The first decode logic circuit 90 is an AND logic circuit that receives the signal "xxyx" where x 
is a signal from the LAD communication bus 30 and y is the inverse of the signal from the LAD 
communication bus 30. Thus, in the event the start field has a bit pattern of "1 101", the output of 
the first logic decoding circuit 90 is a "1". Similarly, the second logic decoding circuit is an 
AND logic circuit that receives the bit pattern of "xxxy" where x is the signal from the LAD 
communication bus 30 and y is the inverse of the signal from the LAD communication bus 30. 
Thus, if the bit pattern from the start field is "1 110", then the output of the second logic 
decoding circuit 92 is a bit pattern of "1". The first logic decoding circuit 90, and the second 
logic decoding circuit 92 are supplied to an OR gate 96 which produces a signal which is 
supplied to the fuse logic circuit 70. The output of the OR circuit 96 is high or "1" if the start 
field is either the bit pattern of "1 101" or "1 1 10", either of which signifies that the LAD 
communication bus is operating the FWH protocol. 

[0024] The LAD communication bus 30 is also supplied to the third logic decoding circuit 
94. The third logic decoding circuit 94 is also an AND logic circuit that receives the signals 
"yyyy" in which y is the inverse of the signal from the LAD communication bus 30. Thus, if the 
start field in the LAD communication bus is "0000", the output of the third logic decoding circuit 
94 is a "1". This signifies that the communication bus 30 is operating in the "LPC" protocol 
mode. The output of the third logic decoding circuit 94 is supplied also to the fuse logic circuit 
70. Thus, either the signal from the output of the OR circuit 96 or the output of the third logic 
circuit 94 is supplied to the fuse logic circuit 70 which programs the fuses 74. Based upon the 
state programmed into the fuses 74, the latches 78 are appropriately set and an appropriate select 
signal is supplied to the finite state machine 62. The LAD communication buses also supply to a 
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FIFO memory 88 which delays the signal from the communication bus 30 until the fuses have 
been set in the fuse logic circuit 70. The signals from the FIFO 88 are then supplied to the SM 
62 which would be operating in accordance with the state programmed in the fuses 74. 

[0025] From the foregoing, it can be seen that with the improved memory device 120 of the 
present invention, a single memory device can be used with a plurality of protocols. The 
invention allows the memory device 120 to choose which protocol, e.g. LPC, FWH, SPI, or SD, 
to respond depending upon the settings in the non-volatile fuses 74 Thus, the manufacturer of 
the memory device would then need to maintain only one inventory of the products. 
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